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(57) ABSTRACT

An air conditioning device and a control method of the same
are provided. The air conditioning device may include a con-
troller configured to control the air conditioning device based
on a control signal input at an input device, 1n accordance with
at least one sleep mode to provide heating or cooling to a
designated room at a first operation temperature and a second
operation temperature that 1s higher than the first operation
temperature, the first and second operation temperatures
being alternately applied multiple times. This may provide a
user with an air conditioning function which corresponds to
the user’s sleeping patterns and provide for a more pleasant
sleeping environment.
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AIR CONDITIONING DEVICE AND
CONTROL METHOD OF THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims priority under 35 U.S.C. §119 to
Korean Application No. 10-2010-0105951 filed 1n Korea on
Oct. 28, 2010, whose entire disclosure 1s hereby incorporated
by reference as if fully set forth herein.

BACKGROUND

1. Field

This relates to an air conditioning device and a control
method of such an air conditioning device.

2. Background

The human sleep state may include a REM (rapid eye
movement) sleep state and a Non-REM sleep state which are
alternately. The REM sleep state may be observed three to
five times 1n one night at regular intervals. Physical changes
observed 1n the REM sleep state may include decline of
temperature control 1n addition to rapid eye movement. It may
be difficult to precisely define the REM sleep state medically
or scientifically. When classitying or analyzing the human
sleep state, human brainwave analysis may be used.

The REM sleep state may be a state in which physiological
loss of consciousness 1s repeated periodically. REM sleep 1n
infants typically occupies up to 50% of total sleep. As humans
age, the amount of REM sleep tends to decrease gradually.
The Non-REM sleep period may be related to physical recov-
ery, while the REM sleep period may be related to mental
recovery, or a period for recovery of brain cells. If REM sleep
1s mnsuilicient or interfered with repeatedly, side effects may
include, for example, memory loss and cognitive power loss.

As mentioned above, the REM sleep state does not seem to
respond to environment or to have declined sensory or retlex
function. I heating of a room 1s required during the sleep
pertod 1n which the REM sleep and the Non-REM sleep
alternate with each other, sensory, reflex and temperature
control functions may decline. If air conditioning which tar-
gets either of the sleep periods 1s performed, response to
physiological requirements may not be appropriate, resulting,
in fatigue after sleep, memory loss, and loss of cogmitive
power.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments will be described in detail with reference
to the following drawings in which like reference numerals
refer to like elements, wherein:

FIG. 1 1s a block diagram of an air conditioning device as
embodied and broadly described herein;

FIGS. 2A and 2B are graphs of operation temperatures
with respect to time according to a control method of an air
conditioning device as embodied and broadly described
herein;

FIGS. 3A and 3B are graphs of operation temperatures
with respect to time according to another embodiment of a
control method of an air conditioning device as embodied and
broadly described herein;

FI1G. 4 1s a graph of operation temperatures and changes in
indoor room temperatures;

FIGS. 5A and 5B are graphs of a comparison between the
operation temperature according to a control method of air
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2

conditioning device as embodied and broadly described
herein and operation temperatures according to several other

control methods; and
FIG. 6 1s a flowchart of a control method of the air condi-
tioning device as embodied and broadly described herein.

DETAILED DESCRIPTION

As follows, exemplary embodiments will be described 1n
detail 1n reference to the accompanying drawings. However,
the present disclosure i1s not limited to the above embodi-
ments and may be specified 1n various types. It 1s to be
understood by those of ordinary skill in this technological
field that other embodiments may be utilized, and structural,
clectrical, as well as procedural changes may be made with-
out departing from the scope as embodied and broadly
described herein. Reference will now be made 1n detail to
specific embodiments, examples of which are 1llustrated 1n
the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts.

FIG. 1 1s a block diagram of an air conditioning device
according to an embodiment as broadly described herein. The
air conditioning device 1000 includes an mnput device 100 that
receives a control signal mput, a temperature sensor 400
configured to measure temperatures of a room which to be air
conditioned, an air conditioner 700 having a variety of air
conditioning parts used for air conditioning of the room based
on the control signal mput at the mput device 100, and a
controller 300 configured to control the air conditioner 700
based on the control signal input at the input device 100.

The mput device 100 may be a control panel or remote

controller which 1s provided 1n an indoor unit of the air
conditioning device 1000. An operation mode, a type of air
discharge, an operation temperature and the like may be input
at the 1input device 100 by a user.
The air conditioner 700 may include various parts provided
in an outdoor unit and an indoor unit to provide for the
air-conditioning of the room. The air conditioning device
1000 as embodied and broadly described herein may include
a plurality of sensors and a timer 600. The sensors may
include a temperature sensor 400. The temperature sensor
400 may be provided 1n each of the indoor and outdoor units
of the air conditioning device 1000.

A temperature sensed by the temperature sensor 400 may
be used as control parameter of the controller 300 together
with the operation mode selected by the user. Like the tem-
perature sensor 400, information on the time counted by the
timer 600 may be used as control parameter of the controller
300 when each of the operation modes 1s performed.

In addition to, or instead of, the temperature sensor 400, the
sensors 300 may include a human body sensor, a humidity
sensor, a pollution level sensor and the like.

Input information 1input at the imnput device 100 or informa-
tion related to an operation state may be displayed on a
display 200 provided in the indoor unit of the air conditioning
device 1000.

Information which may be displayed on the display 200
may include operation state, a type of operation air discharge,
an operation temperature, an operation mode and other such
information.

FIGS. 2A and 2B illustrate changes in operation tempera-
tures with respect to time according to a control method of the
air conditioning device as embodied and broadly described
herein.

The control method of the air conditioning device accord-
ing to embodiments as broadly described herein provides a
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REM sleep period and a Non-REM sleep period classified
based on the human sleep state.

Generally, the temperature control function of the human
body may decline 1n the REM sleep period, compared with
the Non-REM sleep period. As a result, temperatures of the
room 1n which to the subject 1s sleeping may be controlled
differently 1n order to satisly an optimal sleep condition.

Specifically, the embodiment shown in FIG. 2A 1llustrates
that the operation temperature of the indoor unit in the Non-
REM sleep period may be set higher than the operation tem-
perature of the mndoor unit 1n the REM sleep period.

The control method of the air conditioning device as
embodied and broadly described herein may vary the tem-
peratures based on the Non-REM sleep period and the REM
sleep period classified thereby.

According to the control method, the Non-REM sleep
period and the REM sleep period may be classified and then
Non-REM sleep period operation steps (NR1(1) to NR5(1))
and REM sleep period operation steps (R1(1) to R4(1)) may
be alternatively performed.

According to the embodiment shown 1n FIG. 2A, operation
temperatures of the REM sleep period operation steps (R1(1)
to R4(1)) may be lowered at preset time intervals while the
Non-REM sleep period operation steps (NR1(1) to NR5(1))
are performed.

In the first embodiment shown 1n FIG. 2A, a first tempera-
ture (T1) of a first Non-REM sleep period operation step
(NR1(1)) and a second temperature (12) of a second Non-
REM sleep period operation step (NR2(1)) may be the same
as a fourth temperature (T4). A fourth Non-REM sleep period
operation step (NR4(1)) and a fifth Non-REM sleep period
operation step (NR3(1)) may performed at the same tempera-
ture as a {ifth temperature (T5).

An operation temperature of a third Non-REM sleep period
operation step (NR3(1)) performed after a second REM sleep
period operation step (R2(1)) may be increased from the
fourth temperature (T4) to the fifth temperature (15) which 1s
higher than the fourth temperature ('14) while the third Non-
REM sleep period operation step (NR3(1)) 1s performed.

A first Non-REM sleep period duration time [At(NR1(1))]
to a fifth Non-REM sleep period operation time [At(NRS(1))]

which are the duration times of the first Non-REM sleep
period operation step (NR1(1)) to the fifth Non-REM sleep
period operation step (NR5(1)) may be increased after being
decreased gradually. A first REM sleep period duration time
[At(R1(1))] to a fourth REM sleep period duration time [At
(R4(1))] which are the duration times of the first REM sleep
period operation step (R1(1)) to the fourth REM sleep period
operation step (R4(1)) may be decreased alter being
increased gradually.

In certain embodiments, the first REM sleep period opera-
tion step (R1(1) to the fourth REM sleep period operation step
(R4(1)) may be performed at intervals of approximately
80~100 minutes based on experimental data associated with
REM sleep. The performance time may be 5~60 minutes.
Other ntervals/durations may also be appropnate.

Difterent from the embodiment shown 1n FIG. 2A, the
embodiment shown 1n FIG. 2B increases the operation tem-
perature of the REM sleep period operation step at preset
intervals while the Non-REM sleep period operation step 1s
performed.

The temperature control function of the sleeping human
may decline in the REM sleep period arranged between the
Non-REM sleep periods. Depending on a particular case, the
operation temperature may be increased or lowered in the
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4

REM sleep period to provide an optimized control method of
the air conditioning device as embodied and broadly
described herein.

In addition, a temperature (14) of an entering stage of sleep
may be lower than a temperature ('15) of a final sleep stage
based on characteristics of the user. This may take into con-
sideration the characteristic that the body temperature 1n a
sleep state may be lower than the body temperature 1n a
Non-sleep state. To ease entry 1nto the sleep state, an opera-
tion temperature of the indoor unit in the final stage of the
sleep state may be set higher than an operation temperature of
the indoor unit in when entering the sleep state.

As mentioned above, the control method of the air condi-
tioning device as embodied and broadly described herein may
be closely related with the characteristics of the Non-REM
sleep period and the REM sleep period which composes the
human sleep state.

A normal sleep state may start with the Non-REM sleep.,
and then the REM sleep and the Non-REM sleep may be
alternately repeated, ending with the Non-REM sleep.

As aresult, an air conditioming step provided in the control
method of the air conditioming device as embodied and
broadly described herein may start with a Non-REM sleep
period air conditioning step and may finish with a Non-REM
sleep period air conditioming step.

According to temperature changes of the control method of
the air conditioning device shown i FIGS. 2A and 2B, the
control method starts when a first Non-REM sleep period air
conditioning step (NR1) 1s performed for a first Non-REM
sleep period air conditioning time [At(NR1)]. The control
method finishes when a fifth Non-REM sleep period air con-
ditioning step (NRS) 1s performed for a fifth Non-REM sleep
period air conditioning time [At(INRS)].

However, the frequency of the Non-REM sleep period air
conditioning step 1s not necessarily limited to five times, as
illustrated in the exemplary embodiments discussed above,
and may be varied by the frequency of REM sleep period air
conditioning step.

FIGS. 3A and 3B illustrate temperature changes with
respect to time according to another embodiment as broadly
described herein. Repetitive description of this embodiment
will be omitted, compared with the description the above
embodiment 1n reference to FIGS. 2A and 2B as appropriate.

The control method according to this embodiment includes
a {irst operation temperature heating step configured to heat
the room to be air conditioned at a first operation temperature
for a preset duration time, a second operation heating step
coniigured to heat the room at a second operation temperature
which 1s higher than the first operation temperature for a
preset duration time aiter the first operation temperature heat-
ing step. The first operation temperature heating step and the
second operation temperature heating step may be repeated
multiple times according to this embodiment of the control
method.

The first operation temperature heating step and the second
operation temperature heating step may correspond to a Non-
REM sleep period air conditioning step and a REM sleep
period air conditioming step, respectively, which will be
described later.

In the embodiment shown in FIGS. 3A and 3B, like the
embodiments shown 1n FIGS. 2A and 2B, the Non-REM

sleep period air conditioning step and the REM sleep period
air conditioning step may repeated, taking into consideration
the characteristics of the Non-REM sleep and the REM sleep
composing the human sleep state.

Different from the embodiments shown in FIGS. 2A and
2B, in the embodiment shown 1n FIGS. 3A and 3B the opera-
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tion temperature of the Non-REM sleep period air condition-
ing step may the same at the entering stage and the final stage
of the sleep state.

In other words, the operation temperature in the entering,
stage of the sleep state may be a sixth temperature (16) which
1s the operation temperature of the first Non-REM sleep
period air conditioning step (R1(4)). The operation tempera-
ture 1n the final stage of the sleep stage 1s the sixth temperature
('16) which 1s the operation temperature of the fifth Non-REM
sleep period air conditioming step (R5(4)).

The operation temperature of each REM sleep period air
conditioning step performed between each two of the Non-
REM sleep period air conditioning steps may be a seventh
temperature (17) which 1s higher than the sixth temperature
(16). This 1s essentially the same as each of the REM sleep
period air conditioning steps.

The embodiment shown in FIG. 3B represents a similar
pattern to the embodiment shown 1n FIG. 3A. However, the
operation temperature 1n the entering stage of the sleep state
may be a fourth temperature (T4) which 1s the operation
temperature of the first Non-REM sleep period air condition-
ing step (R1) and the operation temperature 1n the final stage
of the sleep state 1s the fourth temperature (T4) which 1s the
operation temperature of the fifth Non-REM sleep period air
conditioning step (NRS). The operation temperature of each
REM sleep period air conditioning step performed each two
of the Non-REM sleep period air conditioning steps 1s a fifth
temperature (15) higher than the fourth temperature (T4),
which 1s different from the embodiment of FIG. 3(a).

According to the embodiment shown 1n FIG. 3A, the first
temperature (11) to eighth temperature (T8) may be 18
degrees Celsius to 24 degrees Celsius at one degree intervals.
Because of that, the first operation temperature may be 18 to
24 degrees Celsius. The difference between the first operation
temperature and the second operation temperature may be 0.5
degrees Celsius to 2 degrees Celsius.

The control method of the air conditioning device as
embodied and broadly described herein may provide a sleep
mode of the air conditioning device 1mn a season which
requires heating. The first operation temperature with arange
of 18 degrees Celsius through 24 degrees Celsius may be
higher than the temperature of external air.

As aresult, the embodiment shown 1n FIG. 3A may have a
different range than the operation temperatures of the
embodiment shown 1n FIG. 3B.

However, the embodiments shown in FIGS. 3A and 3B
may have a common characteristic 1n that the operation tem-
perature ol each REM sleep period air conditioning step (R)
performed between each two of the Non-REM sleep period
air conditioming steps (NR) may be set higher than the opera-
tion temperature of each of the Non-REM sleep period air
conditioning steps.

In other words, according to the control method of the air
conditioning device as embodied and broadly described
herein, the REM sleep period air conditioning step sets the
operation temperature of the air conditioning device to be
higher than the operation temperature in the Non-REM sleep
period air conditioning step, taking into consideration the
characteristics of the human body temperature control 1n an

environment which requires heating of the room.
Like the embodiment(s) shown in FIGS. 2A/2B, 1n the

embodiment(s) shown in FIGS. 3A/3B the REM sleep period
air conditioning step may be performed at intervals of
approximately 80~100 minutes. In certain embodiments, the
duration time may be 5~60 minutes.

In other words, the second operation temperature heating
step corresponding to the REM sleep period air conditioning
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step which repeated multiple times may be repeated at inter-
vals of 5 to 60 minutes. The duration time of each second
operation temperature heating step repeated multiple times
may be 5 though 60 minutes.

In the graphs shown i FIGS. 3A and 3B, the second
operation temperature heating step 1s repeated four times.
However, the repetition frequency may be set flexibly based
on the sleep time. For example, the second operation tem-
perature heating step may be repeated at least three times or
more. Taking into consideration a normal sleep time, it may
be repeated three to six times.

The duration time of the first operation temperature heating,
step corresponding to the Non-REM sleep period air condi-
tioning step and the duration time of the second operation
temperature heating step corresponding to the REM sleep
period air conditioning step are not shown precisely in FIGS.
3A/3B. As the REM sleep of humans may occupy approxi-
mately 25% of total sleep, the total sum of the duration times
of the second operation temperature heating steps may be set
in a range ol two times to four times as large as the total sum
of the duration times of the first operation temperature heat-
ing step.

As shown 1n FIGS. 3A/3B, the duration time of the REM
sleep period air conditioning step may have a sequentially
increasing period. The duration time of the Non-REM sleep
period air conditioning step may have a gradually decreasing
period. This takes into consideration the characteristics of the
REM sleep and the Non-REM sleep. Specifically, the dura-
tion time of the REM sleep period air conditioning step (the
second operation temperature heating step) may be decreased
alter being increased. The duration time of the Non-REM
sleep period air conditioning step (the first operation tempera-
ture heating step) may be increased after being decreased.

In detail, according to the embodiment shown in FI1G. 3A,
a first REM sleep period air conditioning step duration time
[At(R1(3))] to a fourth REM sleep period air conditioning
step duration time [ At(R4(3))] which are the duration times of
the first REM sleep period air conditioning step (R1(3)) to the
tourth REM sleep period air conditioning step (R4(3)) may be
decreased after being increased gradually.

According to the embodiment shown 1n FIG. 3A, a first
Non-REM sleep period air conditioning step duration time
[At(NR1(3))] to a fifth Non-REM sleep period air condition-
ing step duration time [At(NR5(3))] which are the duration
times of the first Non-REM sleep period air conditioning step
(NR1(3)) to the fifth Non-REM sleep period air conditioning
step (NR5(3)) may be decreased after being increased gradu-
ally.

Also, according to the embodiment shown 1n FIG. 3B of
which only the operation temperature 1s different from the
embodiment shown 1n FIG. 3A, a first REM sleep period air
conditioning step duration time [At(R1(4))] to a fourth REM
sleep period air conditioning step duration time [At(R4(4))]
which are the duration times of the first REM sleep period air
conditioning step (R1(4)) to the fourth REM sleep period air
conditioning step (R4(4)) may be set decreased after
increased gradually. A first Non-REM sleep period air con-
ditioning step duration time [At(NR1(4))] to a fifth Non-REM
sleep period air conditioning step duration time [At(NR5(4))]
which are the duration times of the first Non-REM sleep
period air conditioning step (NR1(4)) to the fifth Non-REM
sleep period air conditioning step (NR3(5)) may be decreased
alter being increased gradually.

The control method of the air conditioning device as
embodied and broadly described herein may be set to finish
after the Non-REM sleep period air conditioning 1s per-
formed.
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According to the embodiment shown 1n FIGS. 3A/3B, the
control method starts with when the first Non-REM sleep
period air conditioning step (NR1) 1s performed for a first
Non-REM sleep period air conditioning time [At(NR1)] and
it finishes when the fifth Non-REM sleep period air condi-
tioming step (NRS) 1s performed for a fifth Non-REM sleep
period air conditioning time [At(NRS)].

According to the embodiments shown in FIGS. 2A/2B and
3A/3B, the Non-REM sleep period air conditioning step and
the REM sleep period air conditioning step may be repeated
five times and six times, respectively. The repetition fre-
quency may be increased or decreased as appropriate.

As mentioned above, the air conditioning device may
include the mput device 100 configured to receive a control
signal input used to control the air conditioning device 1000,
the temperature sensor 400 configured to measure the tem-
perature of the room, the air conditioner 700 having the vari-
ety of parts used for air conditioning the room, and the con-
troller 300 configured to control the air conditioner 700 based
on the control signal input at the input device 100, having at
least one heating sleep mode mput thereto to heat the room at
a first operation temperature and a second operation tempera-
ture higher than the first operation temperature, which alter-
nate with each other, multiple times.

In other words, a plurality of air conditioning modes may
be stored 1n a memory provided 1n the controller 300 and the
sleep mode 1s stored therein, such that the user may select the
sleep mode for pleasant sleep.

The plurality of sleep modes may be stored 1n the controller
300 to allow the user to select one of them, taking 1nto con-
sideration individual sleep characteristics or sleep time.

For example, the four sleep modes shown in FIGS. 2A/2B
and 3A/3B may be input and the user may be allowed to select
a sleep mode which can provide the most pleasant sleep,
determined, for example, through trial and error.

The first operation temperature or the second operation
temperature according to the control method of the air con-
ditioning device may be different from each other in the
plurality of sleep modes. As shown 1n FIGS. 2A/2B, the first
operation temperature may be variable 1n a single sleep mode.
Although not shown 1n FIGS. 2A/2B, the difference between
the first operation temperature and the second operation tem-
perature may be variable.

FI1G. 4 1llustrates changes of the operation temperature and
changes of the internal temperature in the room according to
the control method of the air conditioning device as embodied
and broadly described herein. Specifically, the control
method of the operation temperatures 1n the air conditioner
described 1n reference to FI1G. 4 may be essentially the same
as the control method described 1n reference to FIG. 3B.

The temperature (Ts) of the air conditioning device may
correspond to a target value of the internal temperature of the
room set by the controller 300 of the air conditioner, and may
be different from the current internal temperature (11) of the
room.

In other words, the temperature (Ts) shown 1in FIG. 4 may
have the operation temperature of the Non-REM sleep period
air conditioning step and the operation temperature of the
REM sleep period air conditioning step which are varied 1n
the two temperature bands of the fourth temperature (14) and
the fifth temperature (15) alternatively at intervals of the
preset duration time. However, the substantial internal tem-
perature may be varied with a gentle curvature and may
tollow the operation temperature, with a predetermined time
delay with respect to the changes of the operation tempera-
ture.
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When the air conditioning device 1s put mto operation
according to the control method as embodied and broadly
described herein, with the room not being heated, the internal
temperature of the room may slowly converge to the fourth
temperature (14) which 1s an initial operation temperature
from the second temperature ('12) which 1s an 1nitial internal
temperature. When the Non-REM sleep period air condition-
ing step and the REM sleep period air conditioning step are
repeated 1n earnest, the internal temperature (11) of the room
may be changed at preset intervals, only to have convex
temperature change.

In an aspect of control for the internal temperature, not
control for the operation temperature, the air conditioning
device 1000 including the air conditioner 700 having various
air conditioning parts used for air conditioning the room, the
temperature sensor 400 configured to measure the tempera-
ture of the room, and the controller 300 configured to control
the air conditioner 700 to control the internal temperature of
the room measured by the temperature sensor 400 to decrease
alter increasing or to increase after decreasing for a preset
duration time at preset intervals with respect to a preset ret-
erence temperature.

According to the graph shown 1n FIG. 4, the internal tem-
perature of the room may be decreased after being increased
at a reference temperature for a preset duration time at preset
intervals. In a case of performing the control of the operation
temperature as shown in FIG. 2A, the graph may have a
pattern of being increased after being decreased at a preset
reference temperature for a preset duration time at preset
intervals.

The controller 300 may control the air conditioner 700 to
make the internal temperature change within a range 01 0.5 to
2 degrees Celsius.

When the operation temperature of the air conditioning
device 1s controlled as shown in FIG. 2B, a preset temperature
which 1s the reference temperature of the internal temperature
in the room may increase one time within a range of 18 to 24
degrees Celsius although not shown in FIG. 4.

FIGS. 5A and 5B are graphs illustrating a comparison
between the operation temperature according to the control
method of the air conditioming device as embodied and
broadly described herein and an operation temperature
according to different control methods of the air conditioning
device.

For ease of explanation, a single cycle of the control
method as sleep mode 1s set to be totally 8 hours. It1s assumed
that each operation temperature will change within a range of
18 to 24 degrees Celsius.

Specifically, a sleep mode ‘A’ shown 1n FIG. 5A 15 a control
method which maintains the operation temperature at 23
degrees Celsius constantly. A sleep mode ‘B’ shown 1n FIG.
5A 1s a control method which maintains the operation tem-
perature at 21 degrees Celsius constantly.

A sleep mode ‘C’ shown 1n FIG. 5B gradually decreases the
operation temperature from the operation temperature in the
entermg stage of sleep and the sleep mode ‘C’ gradually
increases the temperature up to the operation temperature 1n
the entering stage of the sleep again when the operation
temperature reaches a preset temperature, to control the
operation temperature.

A sleep mode ‘D’ shown 1 FIG. 5B shows changes of the
operation temperature 1n the operation mode of the air con-
ditioning device shown in FIG. 3B or 4.

Polysomnography (PSG) may be performed according to

cach of the sleep modes of the air conditioning device shown
in FIGS. 5A and 5B. Polysomnography (PSG) 1s a kind of a
multi-parametric test which measures the quality and quan-
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tity of sleep to detect somnipathy and sleep disorder as a
diagnostic tool 1n sleep medicine. Polysomnography mea-
sures physiologic and physical signals generated from human
bodies during sleep, to detect somnipathy and sleep disorder.
Here, a bramnwave, an electrooculogram, an electromyogram
(EMG), an electrocardiogram (ECG), arterial blood, oxygen
saturation, chest and abdomen breathing exercises, respira-
tory air flow, stertorous respiration and a body position may
be measured to observe respiration and sleep and a condition
of awakenming. The PSG calculates sleep duration, dream
duration, loudness of a snore, how long it takes to fall asleep,
a frequency of awakening 1n the middle of sleep, sleep effi-
ciency and fraction and distribution of sleep stages. The PSG
1s a test used to determine whether a physiological phenom-

enon generated during sleep 1s pathological.
The PSG may be performed with respect to experimenters

in a single group based on each of the sleep modes. Test
results encapsulated in the following Table 1 may be drawn
from the PSG.

First, as the awakening frequency while a normal sleep
process 1s performed one time decreases, the sleep efficiency
and sleep quality may be determined to be increasing. As a
result, 1t may be determined that the sleep efliciency 1s
increasing as the awakening frequency 1s decreasing.

Based on the result shown 1n Table 1, the sleep mode ‘A’
and the sleep mode ‘B’ which maintain the operation tem-
perature of the air conditioning device constantly, without the
Non-REM sleep period and the REM sleep period may be
measured large, compared with the sleep mode ‘C’ and the
sleep mode ‘D’ in which the awakening frequency changes
the operation temperature. As a result, 1f the awakening ire-
quency 1s icreasing, the increased frequency may be one of
reasons which interfere with deep sleep.

A ratio of a deep sleep period occupying 1n an entire sleep
process 1s measured the highest 1n the sleep mode *C” accord-
ing to the control method of the air conditioning device.

The awakening frequency 1n the sleep mode ‘B’ 1s similar
to the awakening frequency 1n the sleep mode ‘A’. However,
a high ratio of deep sleep 1s achieved 1n an aspect of deep sleep
eificiency. Because of that, the operation temperature in the
sleep mode ‘B’ may be preferable as an operation temperature
in a basic operation temperature or 1n the Non-REM sleep
period air conditionming step.

In a case of the sleep mode ‘D’ the awakening frequency 1s
low like the sleep mode ‘C” and a range of changes of the
operation temperatures may be wide 1n a sleep state, only to
interfere with deep sleep.

It 1s measured that the ratio of the REM sleep related to the
sleep elliciency 1s the thhest in the sleep mode C’ of the
control method of the air conditioning device as embodied
and broadly described herein.

In other words, 1t 1s analyzed that the sleep mode ‘A’ having,
no temperature change related to the ratio of the REM sleep or
the sleep mode ‘D’ having temperature change and a wide
range of the temperature change have the low ratio of the
REM sleep 1n the total sleep process, with low possibility of
entering into the REM sleep.

TABLE 1
Awakening Deep Sleep REM
Frequency Frequency [%] Sleep [%]
Sleep mode A 9.1 8.6 16.%8
Sleep mode B 8.8 10.3 18.9
Sleep moae C 5.2 12.5 19.3
Sleep mode D 3.6 10.2 16.0
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In conclusion, 1t may be more helpiul to maintain pleasant
sleep 1f the temperature 1s varied based on the REM sleep
period than 11 the operation temperature of the air condition-
ing device 1s maintained at a constant temperature. It may be
identified that the operation temperature of the Non-REM
sleep period air conditioming step as a basic operation tem-
perature 1s near 21 degrees Celsius.

It may be 1dentified that the range of temperature changes
1s not as wide as the sleep mode *C’, although the temperature

1s changed based on the sleep period.

FIG. 6 1s a flowchart of a control method of an operating
method of an air conditioning device as embodied and
broadly described herein.

First, the user may select an air conditioning mode of the air
conditioning device via the mput device 100 (see FIG. 1) of
the air conditioning device (5100).

After the user selects the air conditioning mode (5100), 1t 1s
determined whether the selected air conditioning mode 1s a
sleep mode (S200). When the air conditioning mode selected
by the user 1s the sleep mode based on the result of the
determination, the user may set a sleep time (S300).

The frequency of the REM sleep period air conditioning,
step may be determined based on the set sleep time.

The air conditioming method of the air conditioning device
as embodied and broadly described herein may be performed
by repeating the Non-REM sleep period air conditioning step
and the REM sleep period air conditioning step. In the enter-
ing stage and the final stage of the sleep state as mentioned
above, the Non-REM sleep period air conditioming step 1s
performed.

As a result, when the sleep time 1s set by the user (5200),
the first Non-REM sleep period air conditioning step (S400),
the first REM sleep period air condltlonmg step (S3500), the
second Non-REM sleep period air conditioning step (S600),
the second REM sleep period air conditioning step (S700) to
the K Non-REM sleep perlod air conditioning step (S800)
and the K REM sleep period air conditioning step (S900) are
performed alternatively.

The sleep air conditioning mode fimshes when the K+1
Non-REM sleep period air conditioning step (S1000) 1s per-
formed.

It 1s determined whether the set sleep time has elapsed
(S1100) and the K+1 Non-REM sleep period air conditioning,
step (S1000) 1s performed constantly until the set sleep time
has elapsed.

When the air conditioning mode selected by the user
(5100) 1s not the sleep air conditioming mode, the air condi-
tioning device may be operated 1n another selected air con-
ditioning mode (51200).

Embodiments as broadly described herein are directed to
an air conditioning device and a control method of the same
which 1s optimized based on characteristics of human sleep.

A control method of an air conditioning device as embod-
ied and broadly described herein may include a first operation
temperature heating step configured to heat a room, which 1s
an object of air conditioning, at a first operation temperature
for a preset duration time; and a second operation temperature
heating step configured to heat the room at a second operation
temperature, which 1s higher than the first operation tempera-
ture, for a preset duration time after the first operation tem-
perature heating step, wherein the first operation temperature
heating step and the second operation temperature heating
step are repeated multiple times.

The duration time of the first operation temperature heating,
step repeated multiple times may be increased after being
decreased gradually.
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The duration time of the second operation temperature
heating step repeated multiple times may be decreased after
being increased gradually.

In certain embodiments, the second operation temperature
heating step repeated multiple times may be repeated at inter-
vals of 80 to 100 minutes.

The duration time of the second operation temperature
heating step repeated multiple times may be 5 to 60 minutes.

The sum total of the duration times of the second operation
temperature heating step may be double to quadruple the sum
total of the duration times of the first operation temperature
heating step.

In certain embodiments, the second operation heating step
may be repeated three to six times.

In certain embodiments, the first operation temperature
may be higher than a temperature of external air.

The first operation temperature may be 18 degrees Celsius
to 24 degrees Celsius.

A difference between the first operation temperature and
the second operation temperature may be 0.5 degree to 2
degrees.

A duration time of the REM sleep period air conditioning
step may include a gradually increasing period.

A duration time of the Non-REM sleep period air condi-
tioming step may include a gradually increasing period.

The control method of the air conditioning device may
finish after the Non-REM sleep period air conditioning step 1s
performed.

In another embodiment as broadly described herein, a con-
trol method of an air conditioning device may include a
Non-REM sleep period air conditioning step configured to
heat a room, which 1s an object of air conditioning, at a preset
operation temperature; and a REM sleep period air condition-
ing step configured to heat the room by increasing the tem-
perature aiter the Non-REM sleep period air conditioning,
step, wherein the Non-REM sleep period air conditioning
step and the REM sleep period air conditioning step are
repeated alternatively multiple times.

The Non-REM sleep period air conditioning step and the
REM sleep period air conditioning step may be repeated three
times or more.

In another embodiment as broadly described herein, an air
conditioning device may include an iput part configured to
input a control signal to control the air conditioning device; a
temperature sensor configured to measure a temperature of a
room which 1s an object of air conditioning; an air condition-
ing part comprising a variety of parts for air conditioning of
the room based on the control signal input from the input part;
and a control part configured to control the air conditioning
part based on the control signal input from the input part, with
at least one heating sleep mode 1nput thereto to heat the room
at a first operation temperature and a second temperature
higher than the first operation temperature multiple times, the
first and second operation temperatures alternating with each
other.

The preset temperature may be 18 degrees Celsius to 24
degrees Celsius.

A difference between the first operation temperature and
the second operation temperature may be 0.5 degree to 2
degrees.

A duration time of the heating sleep mode may be 6 hours
to 9 hours.

The heating sleep mode may start to operate at the first
operation temperature and 1t may be operated at the second
operation temperature after 1 hour to 2 hours.
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The heating sleep mode may be operated at the second
operation temperature for S minutes to 60 minutes at intervals
of 80 minutes to 100 minutes, while 1t 1s operated at the first
operation temperature.

In certain embodiments, the heating sleep mode may finish
alter a Non-REM sleep period air conditioning step 1s per-
formed.

A plurality of heating sleep modes may be input to the
control part, and first operation temperatures 1n two or more
out of the plurality of the mput heating sleep modes are
different from each other.

In another embodiment as broadly described herein, an air
conditioning device may include an air conditioning part
having air conditioning parts used for air conditioning a room
which 1s an object of air conditioning, a temperature sensor
configured to measure the temperature of the room, and a
control part configured to control the air conditioning part to
control the internal temperature of the room measured by the
temperature sensor to decrease after increasing or to increase
alter decrease for a preset duration time at preset intervals
with respect to a preset reference temperature.

The control part may control the air conditioning part to
make the temperature of the room change in a range of 0.5
degrees Celsius to 2 degrees Celsius.

The preset temperature may be within a range of 18 degrees
Celsius to 24 degrees Celsius.

The preset temperature may change at least one time while
the air conditioning part 1s operated.

In certain embodiments, the preset temperature may be
increased one time within the range of 18 degrees Celsius to
24 degrees Celsius.

Therefore, an air conditioning device and a control method
of an air conditioning device as embodied and broadly
described herein may provide for pleasant sleep of a user by
taking human sleep characteristics into consideration.

Furthermore, user fatigue after sleep, memory loss, cogni-
tive power loss and the like may be reduced.

Still further, a heating mode which 1s optimized for sleep
may be provided, without any supplementary configurations.
As aresult, productivity of the air conditioning device may be

enhanced.

Any reference 1n this specification to “one embodiment,”
“an embodiment,” “example embodiment,” etc., means that a
particular feature, structure, or characteristic described in
connection with the embodiment 1s included 1n at least one
embodiment as broadly described herein. The appearances of
such phrases 1n various places in the specification are not
necessarily all referring to the same embodiment. Further,
when a particular feature, structure, or characteristic 1s
described in connection with any embodiment, 1t 1s submaitted
that 1t 1s within the purview of one skilled 1n the art to effect
such feature, structure, or characteristic 1n connection with
other ones of the embodiments.

Although embodiments have been described with refer-
ence to a number of 1illustrative embodiments thereod, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled 1n the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modifi-
cations are possible 1n the component parts and/or arrange-
ments ol the subject combination arrangement within the
scope ol the disclosure, the drawings and the appended
claims. In addition to varniations and modifications 1n the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled 1n the art.
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What 1s claimed 1s:

1. A method of controlling an air conditioning device, the
method comprising:

performing a first air conditioning step at a first operation

temperature for a first duration time;

performing a second air conditioning step at a second

operation temperature for a second duration time after
the first air conditioning step has been performed,
wherein the second operation temperature 1s higher than
the first operation temperature;

alternately repeating the first air conditioning step and the

second air conditioning step multiple times to provide
heating or cooling to a room;
decreasing the first duration time of the first air condition-
ing step and then increasing the first duration time as the
first air conditioning step 1s repeated multiple times; and

increasing the second duration time of the second air con-
ditioning step and then decreasing the second duration
time as the second air conditioning step 1s repeated mul-
tiple times,

wherein alternately repeating the first air conditioning step

and the second air conditioning step multiple times
includes increasing the second operation temperature of
the second air conditioning step to a third operation
temperature higher than the second operation tempera-
ture after increasing the first operation temperature of
the first air conditioning step to the second operation
temperature and performing the first air conditioning
step at the second operation temperature and the second
air conditioning step at the third operation temperature
multiple times 1n a repetitive operation, without provid-
ing the first operation temperature, after alternately
repeating the first air conditioning step at the first opera-
tion temperature and the second air conditioning step at
the second operation temperature multiple times.

2. The method of claim 1, wherein alternately repeating the
first air conditioning step and the second air conditioning step
multiple times comprises repeating the second air condition-
ing step at intervals of 80 to 100 minutes.

3. The method of claim 1, wherein performing a second air
conditioning step at a second operation temperature for a
second duration time comprises performing the second air
conditioning step for 5 to 60 minutes.

4. The method of claim 1, wherein alternately repeating the
first air conditioning step and the second air conditioning step
multiple times comprises alternately repeating the first air
conditioning step and the second air conditioning step mul-
tiple times such that a sum total of the first duration times of
the first air conditioming step repeated multiple times 1s
double to quadruple a sum total of the second duration times
of the second air conditioning step repeated multiple times.

5. The method of claim 1, wherein performing a first air
conditioning step at a first operation temperature comprises
performing the first air conditioning step at an operation
temperature of 18 degrees Celsius to 24 degrees Celsius.

6. The method of claim 1, wherein a difference between the
first operation temperature and the second operation tempera-
ture 1s 0.5 degrees Celsius to 2 degrees Celsius.

7. A method of controlling an air conditioning device, the
method comprising:

performing a Non-REM sleep period air conditioning step

at an 1nitial first operation temperature;

performing a REM sleep period air conditioming step after

performing the Non-REM sleep period air conditioning,
step, comprising increasing the initial first operation
temperature to an 1mtial second operation temperature;
and
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alternately performing the Non-REM sleep period air con-
ditioning step and the REM sleep period air conditioning,
step multiple times 1n accordance with a selected sleep
mode to provide heating or cooling to a room,

wherein alternately performing the Non-REM sleep period
air conditioning step and the REM sleep period air con-
ditioning step multiple times comprises alternately per-
forming each of the Non-REM sleep period air condi-
tioning step and the REM sleep period air conditioning
step three times or more,

wherein performing a REM sleep period air conditioning
step comprises performing the REM sleep period air
conditioning step for an increasing duration time and
then for a decreasing duration time as the REM sleep
period air conditioning step 1s repeated multiple times,
and 1ncreasing the 1nitial second operation temperature
to a subsequent second operation temperature that 1s
greater than the 1mitial second operation temperature,
and

wherein performing a Non-REM sleep period air condi-
tioning step comprises performing the Non-REM sleep
period air conditioning step for a decreasing duration
time and then for an increasing duration time as the
Non-REM sleep period air conditioning step 1s repeated
multiple times, and 1ncreasing the nitial first operation
temperature to a subsequent first operation temperature
that 1s greater than the 1nitial first operation temperature,
and

wherein the Non-REM sleep period air conditioning step at
the subsequent first operation temperature and the REM
sleep period air conditioning step at the subsequent sec-
ond operation temperature are alternately repeated mul-
tiple times, without providing the first operation tem-
perature, after the Non-REM sleep period air
conditioning step at the initial first operation tempera-
ture and the REM sleep period air conditioning step at
the 1nitial second operation temperature are alternately
repeated multiple times.

8. An air conditioning system, comprising:

an mput device that receives a control signal mput to con-
trol operation of the air conditioning device;

a temperature sensor configured to measure a temperature
of a room to be air conditioned;

an air conditioner comprising a plurality of operably
coupled components that provide air conditioning to the
room based on the control signal received at the input
device; and

a controller configured to control the air conditioner based
on the control signal received at the mput device,
wherein the controller 1s configured to control the air
conditioner in accordance with at least one sleep mode
to provide heating or cooling to the room at a first opera-
tion temperature and a second operation temperature
that 1s higher than the first operation temperature, the
first and second operation temperatures being alter-
nately applied multiple times,

wherein the controller 1s configured to increase the first
operation temperature to the second operation tempera-
ture and to increase the second operation temperature to
a third operation temperature higher than the second
operation temperature while the first and second opera-
tion temperatures are alternately applied multiple times,
and

wherein the controller 1s configured to repeat alternately
the second operation temperature and the third operation
temperature multiple times, without providing the first
operation temperature, after repeating alternately the
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first operation temperature and the second operation
temperature multiple times.

9. The air conditioning system of claim 8, wherein the
controller 1s configured to operate the air conditioner 1n the at
least one sleep mode such that the first operation temperature
1s 18 to 24 degrees Celsius.

10. The air conditioning system of claim 9, wherein the
controller 1s configured to operate the air conditioner 1n the at
least one sleep mode such that a difference between the first
operation temperature and the second operation temperature
1s 0.5 to 2 degrees Celsius.

11. The air conditioning system of claim 8, wherein the
controller 1s configured to operate the air conditioner 1n the at
least one sleep mode such that a duration time of the at least
one sleep mode 1s 6 hours to 9 hours.

12. The air conditioning system of claim 8, wherein the
controller 1s configured to operate the sir conditioner 1n the at
least one sleep mode such that the air conditioner begins
operation at the first operation temperature and then initiates
operation at the second operation temperature after 1 hour to
2 hours has elapsed.

13. The air conditioning system of claim 8, wherein the
controller 1s configured to operate the air conditioner 1n the at
least one sleep mode such that the air conditioner operates at
the second operation temperature for 5 minutes to 60 minutes
at intervals of 80 minutes to 100 minutes.

14. The air conditioning system of claim 8, wherein the at
least one sleep mode comprises a plurality of sleep modes,
and wherein the controller 1s configured to operate the air
conditioner based on two or more operation temperatures that
are different from each other corresponding to at least one
selected sleep mode of the plurality of sleep modes.
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